The paper deals with considerations concerning planar waveguide structures, in which the polymer SU8 is used as the waveguide layer. The results of numerical calculations of the distribution of the field concerning structures of various thicknesses have been presented, and photos taken in the course of investigating the surface by means of a microscope of atomic forces. The results of calculations of sensitivity in relation to the refractive index of the cover layer at various thicknesses of the layer have been presented, too.
Introduction
Planar waveguide structures may be obtained by means of many techniques, among others by ion exchange in glass, chemical deposition of the layer from the gaseous phase applying plasma (plasma enhanced chemical vapour deposition, PECVD), magnetron sputtering or the formation of thin polymer layers by spin coating [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In the investigations dealt with in this paper the waveguide structures were obtained by spin coating. As the waveguide layers the polymer SU8 was applied, as the substrate a silicon plate with an SiO 2 layer, and as a cover in this structure water was used. On the subsequent substrates the polymer was swirled at various velocities the polymer SU8 was applied because of its high refractive index and good adhesion to the substrate [13] . In numerical analyses the following values of the refractive indices were assumed: n SU8 = 1.592 [14] , n S = 1.46 (refractive index of the substrate-silicon dioxide), and n C = 1.33 (refractive index of the cover). In the calculations the thickness of the waveguide layer was varied, whereas the length of the wave of light was assumed as λ = 0.633 µm.
Determination of the thickness of the SU8 layer
In order to determine the thickness of the SU8 layer a waveguide of the type rib was produced. The obtained structures were tested by means of the microscope of atomic forces AFM from the firm NT-MDT (model NTEGRA Prima). Measurements were carried out in the semicontact mode, applying a HA_NC needle. Figures 1-4 illustrate the topography of selected surfaces, obtained at various velocities of spinning the polymer. Figures 5 and 6 show exemplary cross-sections of these structures. Table presents the velocity of spinning of the photoresist and also the corresponding thicknesses of the layer. * corresponding author; e-mail: kgut@polsl.pl 
Analysis of the sensitivity of planar waveguides
If the planar waveguide is applied as evanescent wave sensors and monitors changes of the refractive index of the cover, an important parameter is the sensitivity S{n C }. It determines changes of the effective refractive index N eff caused by changes of the values of the refractive index of the cover n C : 
The effective refractive indices N eff concerning various thicknesses of the SU8 layer (Fig. 7) were calculated making use of the Optivave software. Knowing the N eff values, the sensitivity S{n C } in relation to the cover layer was calculated by means of the formula 1 taken over from Ref. [19] :
where
In the case of TE polarization the parameter ρ is equal to 0 (for TM polarization the parameter ρ is equal to 1). The results of the calculations have been gathered in Fig. 8 . It ought to be stressed that by choosing the proper adequate thickness of the waveguide layer it is possible to influence the sensitivity of the obtained structure. The vertical lines in the diagrams indicate the thicknesses of the obtained structures. A more detailed analysis was carried out concerning planar structures whose thicknesses of the waveguide layer amounted to 0.90 µm, 1.1 µm, 1.25 µm and 1.50 µm. The distribution of the refractive index of the considered structures has been presented in Fig. 9 , and Figs. 10-17 illustrate the distribution of the mode field (taking into account the type of polarization). Light propagating in the planar waveguide structure will penetrate deeper into that layer (substrate, cover) whose refractive index is more approximated to the waveguide layer [16] . Analyzing the presented distributions of the field, it can be perceived that in Figs. 14 and 15 the field of the modes TE 2 and TM 2 penetrates much deeper into the substrate layer than in the case of the order presented characteristics. In these cases the structure is characterized by a high sensitivity (Fig. 8 shows distinctly that this corresponds to the thickness of the waveguide displaying a high sensitivity S{n C } in the modes TE 2 and TM 2 ). If the refractive index of the light in the cover layer were higher than in the substrate [19] , the system might successfully operate as a sensor. Such a situation would be possible if between substrate and the SU8 layer there were a layer with the refractive index n < 1.33 (a so-called reverse waveguide) [6, 20] .
Figures 18 and 19 present exemplary images obtained while investigating the surface by means of a microscope of atomic forces AFM (the structure in the case of which the velocity of spinning in the course of the photolitography process amounted to 4000 rotations per minute). The rms of the investigated surface size 1 × 1 µm 2 is 0.59 nm. The structures dealt with in this publication will be investigated in more detail in future, first of all measurements of their mode attenuation.
Conclusion
Investigation by means of an AFM microscope permitted to verify how much the velocity of spinning affects the obtained thickness of the waveguide layer. Applying the most proper velocity, a structure may be obtained displaying the highest sensitivity S{n C } in relation to changes of the refractive index. This information is of much importance when a sensor of the evanescence field is being designed, applying the planar waveguide structure.
